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A n  investigation was  made a t  tranaonfc  speeds of the control 
balancing  characteristics of  three  tabs on a full-span flap on an 
aspect-ratio-3, 45O sweptback wing. The investigation was made in the 
Langley high-speed 7- by 10-foot tunnel utilizing  the  hfgh-velocity 
f low f i e l d  generated  over a reflection  plane on the side wall of the 
tunnel. 

The results  indicated that all the  tabs tested, inset,  attached,  or 
detached, would balance  the f l a p  hinge moments throughout the speed 
range. The inset  tab showed the  greatest  loss in l i f t  and the  detached 
tab  generally showed the   l eas t  loss i n  lift and would have the m e t  
constant  ratio of tab  deflection t o  flap  deflection throughout the 
speed range. 

INTRODUCTION 

The lack of infomation on the aerodynamic balancing of  controls 
in the transonic-speed r-e has l e d  to the ins ta l la t ion  of powerful 
boosts in the  control syatem of airplanes t o  enabLe the performance 
requirements t o  be met. The power-boosted control,  although  quite 
successful f r o m  the  standpoint of effectiveness, has some disadvantages: 
The required mechanism occupies  considerable  space which with  the 
thinner wings could become critical,  considerable power i s  required t o  
operate  the  control system, and a manually operated  control system must 



often be provided i n  addAtion t o  the power boost for positive  control 
i n  the event of boost  failure. It i s  quite  possible that the  size of 
the  boost might be  materially reduced or even eltminated  entirely i f  
more information were available on methods of aerodynamically  balancing 
controls at transonic speeds. The National  Advisory Committee f o r  
Aeronautics i s  engaged, at the present time, i n  a research pngram 
designed t o  provide more Wormation on th i s .  subject. One method of 
balance which has been  successf'ul at low speeds and  which  might be 
adayted t o  present-day high-apeed a i r c ra f t  i s  the  balancing  tab. It 
was the purpose of th i s  investigation t o  determfne  whether a balancing 
tab would maintain i t s  effectiveness  through  the  transonic-speed  range. 
No attempt has been made to provide  design  information by varying  the 
tab geometry other than t o  change the chordwise location of the tab. 

The three tabs used in the investigation had the same plan form 
which consisted of a rectangular lifting surface  attached t o  or  near 
the flap t r a i l i n g  edge. The half-span tabs were centered  'along  the 
f l ap  span. The chordwise positions in which the tabs were tested  are 
indicated by their  respective names: inset  tab, one which l ies   within 
the  plan form of the main control;  attached tab, one attached t o   t h e  
cont ro l   t ra i l ing  edge;  and dgtached tab, one which is located behind 
the  control and supported by booms. 

Lift, rolling-moment, and hinge-momnt characterist ics were 
obtained  over a l lmf ted  angle-of-attack and deflection rmge a t  Mach 
numbers from 0.7 t o  1.1. 

cL 

chf 

S 

com1cIEms AM3 SYMBOLS 

l i f t  coefficient (Twice semispan lif%/qS) 

f l a p  hinge-moment coefficient 
(Flap hinge moment about  hinge l ine  of flap/q2" ) 

rolling-moment coefficient about axis   paral le l  t o  re la t ive 
wind and in  plane of  symmetry 
(Rolling mollbent of  semispan model/qSb) 

twice wing area of baaic semispan model, 0.202 square foot  

twice span of basic semispan model, 0.778 foot 

mean aerodynamic chord of basic w i Q ,  0.269 foot 
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M‘ area moment of f lap (wit& the bask-wing  contour)  behind 
hinge line about Unge line for  sen5span wing, 
0.000692 foot cmed. 

9 effective dynamic pressure  over span of model, pounds per 
square foot (&+) 

C loca l  wing chord parallel t o  plane of symmetry, fee t  

Y spanwise distance from plane of symmetry, f ee t  

P mass density of air, slugs per cubk foot 

V free-stream  velocity,  feet  per second 

M effective Mach number over span of model (Ell2 c% ..) 
M, average chordwise loca l  Mach nuniber 

M2 loca l  Mach m e r  

R Reynolds number of wing based on c 
- 

a angle of  attack,  degrees 

6f f l a p  def lec t ion   re la t ive   to  “chord plane, measured in 
a p h n e  p e r p e n d i c W   t o  f l a p  hinge axis (positive ‘when 
flap t r a i l i n g  edge is dam) ,  degrees 

% tab  deflection  relative  to  flap-chord  plane measured i n  a 
plane perpendicular t o   f l a p   t r a ’ i l h g  edge (positive when 
t ab   t r a i l i ng  edge i s  down), degrees 

Parameters 

(based on the increment  between a = Oo and 4’) 
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for  zero-flap 

= (5) [I" ') tab  deflected - (' '>tab  undeflected ' 28% 
a,6f=5 st 1 

= 'Ef + (&%&) (net r o l l  parameter f o r  zero-flap 
hinge moment) 

where 

The subscripts  outside the parentheses  indicate  the  factors hold 
constant during the measurement of the parameters. 

MODEL  AND APPARATUS 

The semispan s t ee l  model used i n  the investigation had EL quarter- 
chord sweep angle of 45. so, an aspect r a t i o  of 3, a taper   ra t io  of 0.5, d - 
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and an W A  64AO10 a i r f o i l  section measured in a plane at 45O to the . 
plane of symmetry. The pertined dimensions of the  basic wing are 
given in   f igure 1. The wing was equipped with  a Full-span p1ai.n flap- 
type  colrtrol of 25.4 percent of the chord measured parallel  with the 
plane of symmetry. The f l ap  was supported by four  hinges  along i t s  
span, two of which  were within the reflection-plane  fairing. The gap 
between the nose of the f l a p  and the rearmost part of the w i n g  was 
approximately  0.15  percent of the wing chord. 

The three  tabs which  were used in   t he   i nFs t iga t ion  had the s m  
plan form and were cedered along the span of the f l ap  as shown i n  
figure 2. The inset tab was formed  by milling a O.03l-inch slot in 
the bottom Surface of the  f lap.  The groove was f i l l e d  with a cement 
t o  eliminate  the break in  f l ap  contour when the tab was deflected. The 
attached  tab was made from 0.005inch brass sheet bent double and 
attached €n the  same location as the inset  tab.  Deflection of the tab 
was assumed t o  be about the f l a p   t r a i l i n g  edge. The detached tab was 
e 0.031-inch-thick  piece of s t e e l  rounded on the  leading edge and 
mounted on booms a t  a distance of about 63 percent of  the  local   f lap 
chord a t  midspan behind the   f l ap   t r a i l i ng  edge. The hinge Line of 
this tab was sl ightly ahead of its leading edge. The chords of the 
tabs were approximately 30 percent of the f lap  chord at its midspan. 
The tab  area was about 15 percent of the f lap area for all tabs. 

The investigation was conducted in the Langley high-speed 7- by 
10-foot tunnel by using a small reflection-plane  setup on the side wall 
which gives  local  supersonic flow when the tunnel was near nwdmura 
velocit ies.  The ref lect ion plane i s  mounted a f e w  inches from the  side 
wall as shown i n  figure 1. The  model was mounked through a turntable 
in  the  reflection  plane as shown i n  figure 3. A gap of about 1/16 inch 
was maintained between the w i n g  root-chord  section and the reflection- 
plane  turntable. A sponge s e d  waa fastened t o  the wing b u t t   t o  mFnirnize 
flow through the gap. 

The model w a s  mounted on an electrical  stmin-gage  balance  attached 
to   the   s ide  of the tunnel and the moments and forces were indicated by 
self-balancing  poterrtfometers. A strain-gage beam which was attached 
t o  the end of the   f lap  dong the hinge line was used f o r  measuring f l ap  
hinge moment a. 

TESTS 

The tests were conducted  over a Mach  number range from 0.70 to 1.10. 
For Mach nunibera below 0.95, there was pract ical ly  no gradient in the 
vfcinity of the  reflection  plane. A t  higher Mach numbers,  however, the 



6 ___._ NACA RM L52A23 

presence of the  ref lect ion plane  created a high-local-velocity  field 
which allowed tes t ing  the model  up t o  E1 = 1.10 before choking occurred 
in  the  tunnel.  The variations of local  Mach nmibers are shown i n  - 
figure 4. Effect ive  tes t  
similar t o  those shown i n  

Mach numbers  were obtained from contour charts 
figure 4 by the  relationship 

For the  investigation, a Mach  number gradient of generally  less 
than 0.02 was obtained between Mach numbers  of 0.95 and 1.04 and 
increased t o  about 0.06 at the  highest   test  Mach  number of 1.10. It 
w i l l  be  noted tha t   the  Mach  number gradient i s  principally chordwise. 
The estimated  boundary-layer  thickness on the ref lect ion  plme was 
0.16 inch  based on a value of 95 percent of the  free-stream  velocity. 
This value  corresponds t o  about 3.4 percent  of the w i n g  semispan. A 
typical  Reynolds number variation  with Mach  number i s  shown i n  figure 5. 

CORRECTIONS 

A reflectioniplane  correction, which accounts for the  carry-over 
of  load t o  the  other wing, has been applied  to  the  parameters C2gf 
and C z8 throughout the Mach  nurriber range tested.  (No corrections 

have been applied t o  the measured rol l ing moments of the w i n g . )  The 
correction  factor K which is  applied  as  given i n   t h e  following equa- 
t i on  i s  0.67 f o r  the  full-span  control and 0.74 f o r  both  the  inset  tab 
and the  attached tab. 

t 

These factors were obtained from an unpublished  low-sped  experimental 
and theoretical  investigation. The aileron-effectiveness  parameters 
presented  herein  represent  the aerodymmic effects  on a complete w i n g  
produced by the  deflection of the  control on only one semispan of the 
complete w i n g .  Although the  corrections are based on incompressible 
conditione, it i s  believed that the  reaults  obtained by applying  the 
corrections  gives a better  representation of the  true  conditions  than 
the uncorrected data. Application of the  correction  factors  to the 
data   in   the manner given  results  in  the  values of C z 8  being under- 
corrected a t   subc r i t i ca l  Mach numbers and probably  overcorrected i n  
the transonic Mach  number (M > 0.95) range. 



No reflection-plane  correction  factor was applied t o  the data *om 
the detached tab  as it was thought that the tab would not significantly 
affect  the lift distr ibut ion over the model. 

I n  view of the small s i ze  of the model r e l a t i v e   t o  the tunnel   tes t  
section, jet boundary and blockage corrections are believed t o  be 
insignificant and were not  applied to the data. 

Flap deflections were corrected  for angle changes due to strain- 
gage beam deflectione under load. 

RESULTS AND DISCUSSION 

Typical plots of  hinge-moment, lift, and rolling-moment coefficients 
against  flap  deflection  are  given in figure 6 f o r  a Mach m e r  of 0.8 
f o r  various angles of attack.  Variations of the hlnge-moment coefficienk 
with angle of attack  for  various Mach numbers are shown in figure 7. 
From these a i d  sfmflar data  the parameter va lues  of the f l ap  and tab, 
figures 8 to 14, were determined. The values of the slopes of the 
coefficient  curves are those  existing between approldmately Oo and 

differ  from those which might exis t  if amall deflections had been tes ted 
near 6f = oO.  he absolute value of the parameters, therefore, is . . subject t o  thfs  consideration brrt inasmch BB t he   da t a   fo r   a l l  tabs 
were secured under similar conditione,  the comparison  between tabs  
should be valid. 

- loo flap deflection and Oo and 20' tab  deflection. These slopes m y  

The slopes of the hinge-moment-coefficient c m e  result ing from 
flap  deflection are greater  the  farther to the   rear  the tab i 6  placed, 
as the parameter in figure 8 indicates, which i s  a8 expected, 

because of the  effective chord extension on the  attached tab and the 
longer moment arm on the detached tab. 

%f 

Likewise the tab effectiveness ChfS% i s  increased as the tab 

location is moved rearuard.  The r a t i o  of ch t o  (2% i s  an 

indication of the tab  deflection  required t o  balance  out  the  hhge 
moments per degree of flap  deflection. The r a t i o  of tab def lec t ion   to  
f lap  def lect ion &@f (fig. 9) indicates that it is possible  with any 
of the  tab  configurations t o  balance aut the f lap  hinge moments through 
the range of these  tes ts .  The inset tab, however,  shows a very wide 

and angle-of-attack  range. These rat io   var ia t ions mke the   inset  tab an 

fSf st 

- range of ratios  required (1.5 t o  5.0) for  trim through the Mach  number 
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- 
impractical  balancing  control  for a geared  balancing mechaaiem. The 
attached tab shows trends of h / 6 f  with Mach number and angle of 
attach similar t o  that of tk inset tab but the values of %/6f are 
of smaller magnitude. In contraet t o  these tabs the detached tab 
indicates very l i t t l e   v a r i a t i o n   i n  &-/Sf with either Mach  number or  
angle  of  attack. The extreme values of %/Sf appear t o  be  about 
1.25 t o  1.70, the average variation  with Mach  number is  lese.  A single 
value of 6t/6fr perhaps 1.5, w o u l d  come close  to  balancing %he f l ap  
hinge moments throughout the Mach  number range for   this   f lap- tab 
configuration. 

The ra t ios  of tab  deflection  to  flap  deflection  preaented  in 
figure 9 take no account of the effect  of C h  on the  control;  there- 

fore  these  data may repreeent  an  overbalanced  condition. In maneuvering 
flight,  the  negatfve  values of chr,  shown i n  figure 14 would a i d   i n  
reducing the hinge moments of the controls and therefore  less tab 
deflection would be required resulting in   g rea te r  lift o r  roll effective- 

fa 

than  those of the inset tab   ( f ig .  14) therefore the effect of maneuz 
vering flight would be more pronounced on the attached and detached 
tabs than on the W e t  tabe. For steaQ- flight the  negative  values 
of Chr, might e i ther  reduce o r  increaee  the hinge moments depending 

on the trim and stabil i ty  characteriatice.  

The tab arrangement investigated  represents a rather unusual  tab- 
linkage mechanism, that is, one i n  which no tab moments are  transmitted 
outside of the   f lap.  A n  example of such an arrangement is  one in which 
an  electric motor within  the  flap  actuates  the tab proportional t o   f l a p  
deflection. For the more conventional arrangements, a knowledge of the 
tab hinge moments i s  necessary  before aqy tab  balancing system  can be 
evaluated. It is probable tha t  the magnitude of the tab hinge P"-nts 
at transonic speeds may be  such that aerodynamic balancing of the  tab 
w i l l  be required if  the system i s   t o  be m a n u a l l y  operated. 

An indication of the amount of useful control that can be accom- 
configurations is given in   f igure 10 by the 

parameter . The inset tab appears t o  be an ineffective 

device at angles of a t tack of Oo, 2O, and 4' ae the  l if t   retained  af ' ter  
balance  has  been  achieved i s  small particularly at Mach  numbers of 1.0 
o r  above. "his loes   in  lift effectiveness  ia i n  agreemerrt with  the 
two-dimensional theory of reference 1 which shows that when an  inset  
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- tab i s  used to make C k  = 0 a t  supersonic  speeds it also results 
i n  C% = 0. - 

Because the lift effectiveness of the  f lap with the  attached 
tab C h f  is generally  greater through the range of test   condittons 

than f o r  the  other two tab configurations, it might be expected that 
this configuration would have the most l i f t  retained f o r  useful  control. 
The large  ra t ios  of %/6f required for t r i m ,  however, materially 
reduce the  value of the parameter . The detached tab because 

of i t s  comparatively  small  values of 6t/Sf generally  results in h v h g  
the maxlmum lift available f o r  control,   particularly  in the transonic- 
speed range. 

(‘$)chf=* 

The efficiency of the controls   in  lift which i s  given by the r a t i o  

qC..;o) to cLsf is compared i n  figure ll. The detached 

tab shows the  greatest   efficiency which i s  about 80 percent  for the 
range of test conditions  investigated. V a l u e s  o f  the   eff ic iency  for  
the other two tabs are generally less and show considerable variation 
w i t h  Mach number. - 

The rolling-moment  pazameters presented in figures 12 and 13 
indicate about the same results as the lift parametera  except  perhaps 
that the parameter l a  about equal f o r  the  attached and 

- 
detached tab. 

coI?cLusIoNs 

A n  investfgation at transonic speeds to determine the balancing 
characterist ics of an inset, an attached, and a  detached tab on a M l -  
span flap of a  sweptback wing indicated the following conclusions: 

1. A11 three tabs were capable of reducing t o  zero the flap hinge 
moments resul t ing from deflections of the control. 

2. The inset  tab showed the greatest;  variation in tab-flap deflec- 
t i on   r a t io s  and the greatest loss  in lift fo r  zer.3 flap hinge moment; 
whereas the detached tab showed the lowest  values of and the least varia- 

for zero flap hinge moment. 
- t i o n  in tab-flap  ratios and also showed generally  the  least  loss in lift 

c 
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3 .  The hinge-moment variations  with  angle of attack for the 
attached and detached tab were much greater  than  those of the  control 
with  the  inset  tab .and the  variations were i n  the  direct ion  to  reduce 
the  control  forces i n  maneuvers. 

Langley Aeronautical  Laboratory 
National  Advisory Committee f o r  Aeronautics 

Langley Field, Va. 
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Figure 1.- Basic wing model mounted on the reflection plane in the 
Langley high-speed 7- by 10-foot tunnel. 
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Figure 2.- Details of the controls tested.  ( A l l  dimensions are in inches.) 
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Figure 3.- View o f  typical. model rmunted on the reflection plana in the 
Langley high-speed 7- by l0-foot tunnel. 
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Figure 4.- Typical NwJ-I amber contours m r  the side-nall reflection 
plane in region of lllodel location. 
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F igure  6.- Typical data plots from which  the lift, hinge-moment, and 
rolling-moment  parameters  were  determined. M = 0.80. Flagged 
symbols indicate data obtained with the t ab  deflected. - 
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Figure 6.- Continued. 
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Figure 8.- Variation of the f lap  we-moment parameters with Mach number. 
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Figure 9.- Concluded. 
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Figure 10.- Variation of the f l a p  and tab lFft paramters with Mach number. 
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Figure ll.- R a t i o  of the l i f t  parameter of the f lap  with tab deflected 
to  give C = 0 t o  that of the f lap  with the tab undeflected. 
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. w e  13.- Ratio of t h e  rolling-moment paramter of the flap with the 

tab deflected t o  give Ch = 0 to that of the flap with the tab 
undeflected. 
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Figure 14.- Variation of the hinge-momnt parameter Chfa with Mach 
number. 6f = 6t = Oo; a = "bo. 
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